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SOFTWARE PROGRAMMABLE CALENDAR 
QUEUE CACHE 

RELATED APPLICATIONS 

This applications claims the bene?t of priority to US. 
Provisional Patent Application No. 60/112,745; ?led Dec. 
17, 1998. 

TECHNICAL FIELD 

The present invention relates to a calendar queue for 
enforcing quality of service action specs and, in particular, 
to a calendar queue that utiliZes a fast lookup logic to speed 
the process of ?lling and emptying the cache. 

BACKGROUND 

In one type of policy netWork, a Calendar Queue is used 
to schedule the output packets after policy enforcement 
according to the corresponding bandWidth (QoS Action 
Spec) Which speci?es When and hoW often the packets 
should depart. Conventionally, the mechanism is based on a 
queue that includes a plurality of equally spaced time slots. 
One timeslot represents one bandWidth unit. If the queue is 
implemented by hardWare, then one time slot can be one 
external memory location, With these slots being contiguous 
external memory space. The operation is shoWn in FIG. 1. 
When the packet for a given QoS Action Spec leaves the 

system, the conventional system ?rst invalidates the current 
slot and advances to the neW slot for next schedule after a 
bandWidth interval. If the neW slot turns out to be valid 
(occupied by another QoS Action) then the system searches 
for the nearest invalid slot after the occupied one to schedule 
the next packet. In FIG. 1, the QoS Action Spec #20 that has 
a bandwidth equal to 2 represents this case. 

The Action Spec #20, according its bandWidth, should be 
inserted to the time slot 2. But since the slot 2 has been 
occupied by the Action Spec #21 then the available slot 3 is 
selected. Checking the valid bit and searching the ?rst 
available invalid bit involve a lot of memory access opera 
tions. Use of external memory creates a long latency for 
scheduling the packets. Even Worse, if the memory is also 
shared by other processors, the arbitration time can make the 
latency even longer. 

SUMMARY 

The present invention is a method of scheduling packet 
output in accordance to a quality of service (QoS) action 
speci?cation. A calendar queue of bandWidth timeslots is 
maintained, Wherein the bandWidth timeslots are organiZed 
into groups. Look-up logic circuitry is invoked that inspects 
the bandWidth timeslots of a group in the queue substantially 
simultaneously. The look-up logic circuitry determines from 
the group a ?rst unoccupied bandWidth timeslot in Which a 
current packet can be scheduled and also determines from 
the group a ?rst occupied bandWidth timeslot Which contains 
a next packet to transmit. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates a conventional calendar queue mecha 
msm. 

FIG. 2 illustrates an improved calendar queue mechanism 
in accordance With an embodiment With the invention. 

FIG. 3 illustrates a programmable memory allocation 
mechanism usable With the FIG. 2 embodiment. 

DETAILED DESCRIPTION 

In accordance With an embodiment of the present inven 
tion as shoWn in FIG. 2, an on-chip memory (e.g., SRAM) 
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2 
is employed to cache the valid bits of the calendar queue. In 
addition, an innovative fast look-up logic has been devel 
oped to speed up the search for the ?rst available invalid bit. 
The structure shoWn in FIG. 2 basically performs tWo 

operations. The ?rst operation is to ?nd the ?rst valid bit 
(occupied time slot) so that the system can transmit the 
packets for the current Action Spec. The second operation is 
to ?nd the ?rst invalid bit (empty time slot) so that the 
current Action Spec can be scheduled for next departure. 

In this structure, each 32-bit entry in SRAM represents 32 
valid bits of 32 timeslots. (This embodiment employs 32-bit 
entry. HoWever, other siZed entries could be employed.) 
Therefore a small 400x32 SRAM can accommodate all valid 
bits of a calendar queue With 12K timeslots. As a result, 32 
timeslots can be scanned in a single cycle and both the ?rst 
empty slot and the ?rst occupied slot in the current roW 
(Where one roW represents 32 timeslots), if any, can be found 
in a single cycle. 

If all slots in the current roW are occupied, then the 
InvalidiRoWiTracking logic increments the roW index and 
then the system advances to the next 32 timeslots to start the 
next scan for an available entry. On the other hand if all slots 
in the current roW are empty, then the ValidiRoWiTracking 
logic increments the roW index and then the system 
advances to next 32 timeslots to starts next scan for a valid 

entry. 
In accordance With an embodiment of the invention 

described in FIG. 3, a programmable memory allocation 
mechanism distributes the Whole time slots memory space to 
multiple calendar queues according to their different needs 
and requirements. The example in FIG. 3 illustrates that the 
netWork manager can con?gure the ports and the corre 
sponding calendar queues such that the calendar queue 11 
uses 6K slots and the calendar queue 2 uses 10K slots 
because the queue 11 and 2 require a lot of timeslots. With 
the total 32K timeslots, the rest of the calendar queues uses 
the remaining 16K slots. By enabling this con?guration, the 
programmable calendar queue cache achieves very high 
performance and still maintains very loW cost. 

Put another Way, this embodiment employs a “sharing of 
on-chip time slots”. Once could argue that each calendar 
queue can be designed With its dedicated time slot memory 
on the chip. That Would, hoWever, make the chip very, very 
large and expensive, particularly in a large system. Sharing 
of time slots provides a solution, particularly in a loW-end 
environment Where time slot granularity is not critical. On 
the other hand, for a very high end solution, all the time slots 
can be dedicated to one calendar queue (or one port). Thus, 
it can be seen that the softWare programmable calendar 
queue is ?exible so as to enable the system to ?t into 
multiple requirements by Way of programming the calendar 
queue siZe. As to hoW the distribution is done by the 
softWare, this is the decision of each application. 
What is claimed is: 
1. Amethod of scheduling packet output in accordance to 

quality of service (QoS) action speci?cation, comprising the 
steps of: 

providing a memory; 
maintaining a plurality of calendar queues of bandWidth 

timeslots in the memory, Wherein the bandWidth 
timeslots are organiZed into groups, the maintaining 
step including allocating the memory to the plurality of 
calendar queues; 

providing a look-up logic circuitry; and 
for each calendar queue, invoking the look-up circuitry 

that inspects the bandWidth timeslots of a group in the 
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queue substantially simultaneously, Wherein the look 
up logic circuitry determines from the group a ?rst 
unoccupied bandwidth timeslot in Which a current 
packet can be scheduled and also determines from the 
group a ?rst occupied bandWidth timeslot Which con 
tains a neXt packet to transmit. 

2. The method of claim 1, Wherein allocating the memory 
to the plurality of calendar queues further comprises the 
steps of: 

programming siZes of the plurality of calendar queues; 
and 

con?guring ports of the plurality of calendar queues. 
3. The method of claim 2 further comprising the step of 

tracking the ports of the plurality of calendar queues. 
4. The method of claim 2, Wherein the step of program 

ming siZes of the plurality of calendar queues further com 
prises the step of assigning a starting indeX and an ending 
indeX to a tracking logic of each calendar queue. 

5. The method of claim 1 further comprising the steps of 
selecting a selected tracking logic; and 
retrieving an entry from a calendar queue associated With 

the selected tracking logic. 
6. An apparatus for implementing programmable calendar 

queues that schedule output packets, the programmable 
calendar queues scheduling the output packets according to 
a quality of service action speci?cation, the apparatus com 
prising: 

a computer readable memory, the memory storing infor 
mation on bandWidth timeslots of the programmable 
calendar queues, Wherein the bandWidth timeslots are 
distributed among the programmable calendar queues; 

a table having a plurality of entries, each entry being 
assigned to a calendar queue, each entry having a 
starting indeX and an ending indeX assigned to its 
associated calendar queue; and 

a plurality of calendar queue tracking logics, Wherein each 
calendar queue tracking logic receives the starting 
indeX and the ending indeX from the table. 
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7. The apparatus of claim 6, Wherein the starting indeX 

and the ending indeX of each calendar queue can be con 
?gured by a netWork manager. 

8. The apparatus of claim 6, further comprising: 
a multiplexer receiving inputs from the plurality of cal 

endar queue tracking logics; and 
an arbiter logic for selecting an input from the plurality of 

calendar queue tracking logics to access the memory. 
9. A method for improving performance of a plurality of 

calendar queues, the method comprising the steps of: 

storing a table With a plurality of entries on a computer 
readable memory; 

assigning one entry of the table to one calendar queue, 
Wherein each entry has a starting indeX and an ending 
indeX; 

delivering the staring indeX and the ending indeX of an 
entry to a corresponding calendar queue tracking logic; 
and 

selecting a selected calendar tracking logic from a plu 
rality of calendar tracking logics to access a calendar 
queue associated With the selected calendar tracking 
logic. 

10. The method of claim 9 further comprising the step of 
modifying the starting indeX of an entry of the table. 

11. The method of claim 9 further comprising the step of 
modifying the ending indeX of an entry of the table. 

12. The method of claim 9 further comprising the step of 
assigning one value for both the starting indeX and the 
ending indeX. 

13. The method of claim 9 further comprising the steps of: 

allocating a computer readable memory location for stor 
ing time slots; and 

distributing the time slots among the plurality of calendar 
queues. 


